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Objectives

Advanceon-line technology topredict, monitor and managefireside ash
deposition allowing for more efficient operations under a rangéaftl conditions
andfuel property variability

i s - Management Strategy
Coal Storage BuildingAsh content = A Fuel sorting and

blending can be done

upstream

A Optimize operations to

compensate for load and
fuel properties
Optimized composition
of coal delivered teach
burner
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Inorganic Transformations and

Partitioning in Burner
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Slag layer thickness as a function of fuel properties.
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Cyclone PerformanceSlag

and FlyAsh Patrtitioning
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Ash formation during coal combustion

Na  Heterogenous _ >, ®
i Vaporization of |§ Condensation Surface Coatings
Minerals Inorganics P Sy Homogenous
» _O'Na+ Mg Nucleation
N\ o S0 Coall " :
X ! » Coalescence >
g RO MgO Fine Particulate
Carbon and Inorganic ~OH Ca0 0.02-0.05 um
Components \
an Sulfides
s e Pyrite - FeS - Fe - FeO
u Silicate R Liquid particles
Melting of Illite - K Al Si - glass ‘ 1to 100 pm
mineral grains CaSi, CaAlSi

FeSi, FeAlSi

After coalescence,
> * & shedding, and mineral
fragmentation:

Char surface recedes, Char Fragmentation sizeis 5 - 50 um
inorganics coalesce.

After swelling

"'%O » (@ > O @ particles range from
2 cenospheres to
Swelling mineral Expansion ° vesicular 1-200 pm
a0
"‘ (% < ‘,’2’0 ’10, . Unreacted grains,
Q 0,;“0 > fragmented particles

High temperature Fragmentation sizeis 1-75 pm
Non-melting minerals
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Deposit Formatioq particle transport to walls
and convective surfaces

LaurserK, Frandsen F, Larsen OH. Ash deposition trials at three power
stations in Denmark. Energy & Fuels 1998;12:423.
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Particle size distribution
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Gas/particle temperature
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Scope of Work

Task 1: Project Management and Planning

Task 2: Combustion Simulations within a-ull
Scale Boller (Otter Tail Power Company (OTPC))

Task 3: Simulation validation using ash
deposition data from plant

Task 4Combustion System Performance Indices
and Coal Tracker (CSPT) Tool Refinement
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Task 1 Updates

AKickoff Meetingc October 7, 2019

A7 Quarterly Reports submitted to DOE.

AMilestone changes

: . Planned
. Task/ Milestone Title and : e
Milestone Subtask Description Completion Verification Method
Date
Completion of
342020 simulations within
Combustion simulations 05/31/2021 cyclone barrels
3 Task 2 L .
within cyclone barrels encompassing 12
representative
operational scenarios
Combustion simulations C;)imﬂllz?igrr::f
4 Task 2 within a full-scale boiler #31/2020 encompassing 12
employing the results from thl  05/31/2021 P 9
: . representative
cyclone barrel simulations . :
operational scenarios
Thermal modeling
refinement and
Thermal modeling refinemen Va!;:sﬂl(; Tig:];he
5 Task 3 with validation against data 7/31/2021 . j
encompassing the 12
from plant ;
representative
scenarios selected in
Task 2
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Task 2Combustion Simulations within a Full
Scale Boiler (Otter Tail Power Company (OTPC

A Database Development
A Cyclone Burner Modification and Testing

A Boiler Geometry Modification and Particle
Tracking
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Task 2. Slagging and fouling event specific database

development and data analysis

ADatabase of Plant Operating
Parameters/coal properties Heat Rate

APerformance datg CSRCT
AHeat Rate R
AFireside performance indices High Temperature

A12 Cases for simulations = % Fouling- Index
ALoad :
ABoiler Cleanliness
ACoal Properties

AAsh Content .
ABase/Acid Ratio (sodium Level .

19 12/31/2019  1/5/2020  1/10/2020  1/15/2020  1/20/2020

Low Temperature
Fouling- Index
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Sulfation Index
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Supplementaryuel Flow

Fuel Ash and Supplementary Fuel Flow v. Time

| '
s I

: m | M |
L WL '

CROBEAM LND NORTH DAKOTA



